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Description

Background of the Invention

[0001] The present invention relates to microwave de-
vices used in medical hyperthermia and thermotherapy
(referred to collectively herein as "heat therapies"), and
diagnostics, and to methods of using such devices, ac-
cording to the preamble of claim 1 and as known from
EP 0783 903.
[0002] Localized heat therapies, i.e., hyperthermia
(heating to temperatures below 45°C) and thermother-
apy (heating to temperatures above 45°C), have been
intensively investigated for the last two decades for
many disease processes including benign prostatic hy-
perplasia (BPH) and neoplasms.
[0003] However, methods of delivering heat including
warm fluid, focused ultrasound, radio frequency, and mi-
crowave approaches have been applied to abnormal tis-
sue with only limited success. The prostate gland is one
organ targeted as a candidate for applying heat delivery
techniques. Because microwave energy can be applied
without incision, this approach is one being evaluated.
Furthermore, this technique advantageously can be ap-
plied in an outpatient setting.
[0004] For heat therapy to be applied safely, it is very
important that the applied heat be confined to the target
area (e.g., BPH tumor) alone, to avoid damaging nearby
healthy tissue or organs.
[0005] Some devices for heat therapy have utilized
microwave heating, for example those disclosed in U.S.
Patent Nos. 4,700,716 and 4,776,086. Microwave ener-
gy elevates temperature by increasing the molecular
motion within cell structures. As the frequency decreas-
es, tissue penetration increases. Small diameter micro-
wave antenna probes have been inserted into the body
through normal body passages or, on occasion directly
into diseased tissue, using hollow plastic catheters.
[0006] US Patent US 4,204,549 discloses an appara-
tus for hyperthermia treatment which provides a trans-
mission of microwave energy for irradiation of tissues.
The microwave energy supplied to the site of the treat-
ment by a coaxial applicator having a hollow center con-
ductor and an outer shield disposed coaxially thereon.
[0007] EP 0 462 302 teaches an urethral inserted ap-
plicator for prostate hyperthermia and individually con-
trollable radiating antennas.
[0008] EP 0 485 323 teaches a hyperthermia appara-
tus with temperatures detectors for sensing temperature
approximate to the radiating element and providing sig-
nals to the temperature control.

Summary of the Invention

[0009] The invention features medical instruments as
defined in claim 1, which utilize microwave energy to
provide heat treatment and diagnostic imaging of tissue.
The term "microwave", as used herein, refers to electro-

magnetic energy in the microwave frequency spectrum
of 300 Mhz to 300 GHz.
[0010] In one aspect of the invention, a medical treat-
ment system for treating tissue including an antenna
having a radiating element configured to transmit elec-
tromagnetic energy toward a desired area of the tissue
and having an interior volume for receiving a heat ex-
change fluid, thereby changing the temperature proxi-
mal to the desired area of the tissue.
[0011] The invention has numerous advantages. A ra-
diating element having this arrangement is multifunc-
tional. In particular, the radiating element is used to
transmit energy toward the tissue to heat or provide an
image of the tissue. In addition, the radiating element
serves as a "heat pipe", which acts as a source or sink
for thermal energy at the desired area, improving control
of the temperature of the volume of tissue being radiated
by the antenna. Thus, a safer, more efficacious delivery
of microwave energy is provided. It is important to rec-
ognize that although the radiating element serves as a
"heat pipe", in operation, it can provide both heating as
well as cooling, depending on whether the fluid (e.g.,
liquid or gas) is hot or cold.
[0012] In a related aspect of the invention, a medical
heat treatment system includes a first medical instru-
ment having an antenna system configured having a ra-
diating element with the arrangement described in the
previously discussed aspect and a second medical in-
strument having a second antenna system for receiving
the radiated electromagnetic energy from the first med-
ical instrument.
[0013] The medical treatment system includes a
transmission line connected to the radiating element for
conveying the electromagnetic energy from an electro-
magnetic energy source to the radiating source. A con-
duit extends through the transmission line to convey the
heat exchange fluid (e.g. coolant) from a heat exchang-
er (e.g., compressor) to the radiating element.
[0014] Embodiments of these aspects of the invention
may include one or more of the following features. In
certain embodiments, the interior volume of the radiat-
ing element and conduit is sized to cause capillary ac-
tion of fluid flowing therethrough.
[0015] In one embodiment, the transmission line is co-
axial transmission line including a hollow center conduc-
tor and an outer shield disposed coaxially with respect
to the center conductor. The coaxial transmission line
includes a transformer which serves as an impedance
matching network for maximizing power transfer be-
tween the electromagnetic energy source and antenna.
The transformer is spaced from the radiating element a
quarter wavelength at a predetermined frequency of op-
eration and includes a metallic sleeve surrounding the
outer shield of the coaxial transmission line. The anten-
na may have a wide variety of configurations including
dipole arrangements. The medical treatment system
further includes a catheter having an inner lumen ex-
tending between a proximal end and a distal end, and
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sized to receive the antenna.
[0016] The medical treatment system includes a plu-
rality of antennas, each having a radiating element for
transmitting electromagnetic energy toward the desired
area. In certain embodiments, the antennas are formed
as a collinear array of antennas. In this case, each of
the antennas is configured to radiate electromagnetic
energy at a selected amplitude and phase characteristic
so that the transmitted energy, in aggregate, is directed
toward a desired area of the tissue. One or more tem-
perature detectors are provided for sensing the temper-
ature at a location proximate to the radiating element.
In response to the sensed temperature, the detectors
provide signals to the heat exchanger to control the
amount of fluid delivered to the interior volume of the
radiating element. Each temperature detectors is pref-
erably positioned to be associated with a different area
of the radiating element.
[0017] The electromagnetic energy provided by the
source has a frequency in a range between 0.3 and 10
GHz and a power level in a range between about 100
mwatts and 150 watts.
[0018] There is also disclosed a method of treating tis-
sue with the medical treatment system described above
includes the following steps. The first medical instru-
ment is positioned within a first body passage. The sec-
ond medical instrument is positioned within a second
body passage. Electromagnetic energy is then applied
to the first medical instrument to heat a desired area of
the tissue with the second medical instrument receiving
the electromagnetic energy transmitted by the first med-
ical instrument and passing through the tissue. Areas
proximal to the tissue are cooled with the first medical
instrument.
[0019] Other features and advantages of the inven-
tion will be apparent from the drawings, the following De-
tailed Description, and the claims.

Brief Description of the Drawings

[0020]

Fig. 1 is a diagrammatic side view of a microwave
antenna device according to one embodiment of the
invention, deployed in a balloon catheter. Transmis-
sion lines are shown in phantom lines.
Fig. 2 is a diagrammatic side view of the antennas
used in the device of Fig. 1. Fig. 2A is a diagram-
matic side view of the antennas of Fig. 2, showing
the radiation pattern obtained during use.
Fig. 3 is a schematic diagram showing the electron-
ics used in a microwave source suitable for use in
the device of Fig. 1.
Fig. 4 is a cross-sectional side view of an antenna
arrangement suitable for use in the device of Fig. 1,
in which one of the antennas also serves as a heat
pipe.
Fig. 5 is a perspective view of an alternative embod-

iment of an antenna.
Fig. 6 is a cross-sectional side view of the antenna
shown in Fig. 5.
Fig. 7 is a cross-sectional view of the proximal end
of the antenna along lines 7-7 of Fig. 6.
Fig. 8 is a side view of the magnetic dipole of the
antenna shown in Fig. 5.
Figs. 9A and 9B illustrate alternative embodiments
of exciter dipoles suitable for use with the antenna
shown in Fig. 5.
Fig. 10A is a cross-sectional view, partially in sche-
matic form, of a survey microwave antenna system.
Fig. 10B is a cross-sectional view, partially in sche-
matic form, of the distal end of the survey micro-
wave antenna system of Fig. 10A.
Fig. 10C is an schematic end view representation
of the distal end of the survey microwave antenna
system of Fig. 10A.
Fig. 11 is a cross-sectional side view of an alterna-
tive embodiment of a microwave medical system for
treatment and diagnosis of tissue.
Fig. 12 is a cross-sectional view of the prostate bal-
loon portion of the system shown in Fig. 11 in an
deflated condition.
Fig. 13 is a cross-sectional view of the prostate bal-
loon portion of the system shown in Fig. 11 in an
inflated condition.
Fig. 14 is a cross-sectional view of the bladder bal-
loon portion of the system shown in Fig. 11 in an
inflated condition.
Fig. 15 is a highly diagrammatic view of the male
urinary tract, illustrating the use of two microwave
antenna devices according to the invention to im-
age and/or heat the prostate gland.
Figs. 16A and 16B are cross-sectional and side
views, respectively, illustrating the use of two micro-
wave antenna devices for imaging and/or heating
the prostate gland.

Detailed Description

[0021] Referring to Fig. 1, microwave antenna system
10 includes a collinear antenna array 12 deployed within
a catheter 14. Array 12 is configured to more precisely
focus the direction and level of electromagnetic energy
radiating from the array, thereby providing well-control-
led heating of the targeted area. Catheter 14 includes a
balloon portion 16, mounted at the end of a tube 18, de-
fining an inner lumen 20, and is constructed to be insert-
ed into a portion of the body, typically through a body
opening or passage. Antenna array 12 includes three
antennas 22, 24, 26, shown in further detail in Fig. 2 and
described below.
[0022] Antennas 22, 24 and 26 are connected via co-
axial transmission lines 28, 30 and 32, respectively, to
a power system S1 which generates microwave energy.
A preferred microwave system S1 is shown in Fig. 3 and
discussed below. Electrical signals representative of the
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temperature measured by sensors 29, 31, 33, and 35
are received and processed by a temperature control
unit 52 which generates a control signal to the micro-
wave power system S1. In response to this control sig-
nal, microwave power system increases or reduces
power delivered to each antenna 22, 24, 26 or array 12.
As will be discussed below with reference to Fig. 4, in
certain embodiments, a heat pipe S3 is connected to
antennas 22, 24, 26 to further control the precise tem-
perature at the device/tissue interface. A computer 5 is
connected via a bus 7 to microwave power system S1,
temperature control unit S2 and heat pipe system S3. A
computer program is stored on computer 5 and, in re-
sponse to the signals representative of power and tem-
perature, controls power S1, temperature control S2,
and heat pipe system S3.
[0023] As shown in Figs. 2 and 2a, antenna array 12
includes, in addition to antennas 22, 24, 26, an RF re-
flector 34 and three RF directors 36, 38 and 40. RF re-
flector 34 and RF director 40 are provided at the end of
dielectric members 42, 44 (dielectric wires or tubes),
while the other RF directors extend from members at-
tached to distal ends of antennas 24 and 26 on the same
coaxial line. The RF reflector and directors are con-
structed by forming a metallic coating on the dielectric
wire or tube. The reflectors and directors serve to further
improve the directivity and gain of antennas 22, 24, 26.
For example, reflector 34 is positioned behind antenna
22 while director 36 is positioned in front of the antenna
to form a three element Yagi array. The lengths of re-
flector 34 is generally commensurate with the length of
the antennas while the lengths of director 36 is generally
shorter (e.g., 75% of antenna length.)
[0024] Temperature sensors are positioned at various
points within antenna array 12. In particular, sensor 29
is positioned at the distal end, sensor 31 at the proximal
end, sensor 33 at the center, and sensor 35 along a wall
of the antenna array to be positioned at the rectal wall
opposite the urethral sensors 29, 31, 33, and 35 may be
in the form of fiber optic sensors surrounded by a die-
lectric outer envelope. One example of a fiber optic sen-
sor of this type is described in U.S. 4,700,716.
[0025] Antenna array 12, as well as the RF reflectors
and directors shown in Fig. 2, are fixed in position by
potting the array in a solid material within a tube, for ex-
ample, by placing the array in a tube and filling the tube
with liquid, hardenable TEFLON® polymer. The tube
containing the array can then be easily inserted into the
catheter 14 for use by a physician.
[0026] As shown in Fig. 2A, each of antennas 22, 24,
26 represent individual radiating elements suitably
spaced with respect to one another along a longitudinal
axis 43 of catheter 14 to form the collinear array. In pre-
ferred embodiments, each antenna is spaced from an
adjacent antenna by one-quarter wavelength (λ/4), ap-
proximately 1.115 cm at 915 MHz (in tissue with high
water content). Although other forms of antennas could
be used, in this embodiment, antennas 22, 24, 26 are

dipole antennas. The relative amplitude and phase of
electrical signals provided to each antenna from micro-
wave system S1 are controlled to obtain a resultant ra-
diation pattern which is the product of the superposition
of the radiation patterns from each antenna. In essence,
each antenna is independently controlled so that their
respective electric fields constructively add within, and
destructively subtract outside, the target area. Because
the relative amplitude and phase is controlled electron-
ically by microwave system S1, linear array 12 is said
to be an electronically-scanned array. With this ap-
proach, a radiation pattern with a desired narrow
beamwidth and direction provides relatively high tem-
perature and focused heating to the target area.
[0027] Furthermore, by varying the relative amplitude
and phase of the electrical signals provided to each an-
tenna 22, 24, 26, a radiation pattern can be generated
over a relatively broad range. For example, as shown in
Fig. 2A, radiation pattern 41 is shown being swept be-
tween positions 41a, 41b, and 41c.
[0028] To illustrate the improvement achieved by the
collinear array arrangement, calculations were made at
915 MHz with antennas 22, 26 in phase opposition to
antenna 24. The half power beam width (HPBW) was
measured to be 20°, as compared to 45° for a single
dipole. A further advantage observed during these
measurements was that sidelobes of the resultant radi-
ation pattern were suppressed significantly in lossy me-
dia (e.g., tissue with high water content), relative to that
observed from a single dipole. This significantly narrow-
er beamwidth allows the user greater flexibility in steer-
ing the beam, thereby controlling heating of material.
[0029] As shown in Fig. 3, a preferred microwave
power system S1 includes four output ports 80, 82, 84,
86, coupled to a four-channel microwave power source
88 capable of providing approximately 12 watts of con-
tinuous wave power at 915 MHz to individual ones of
antennas 28, 30, 32 of antenna array 12. Note that in
this embodiment, because array 12 only includes three
antennas, an extra port is available in the event that one
of the ports malfunctions. Each port is coupled to a re-
spective output of source 88 through individual bidirec-
tional couplers 90. A fraction (e.g., 20dB) of the micro-
wave power source 80 is tapped from couplers 90 and
provided to a vector voltmeter 92 through a sequence
of rotary switches 94, 96, 98. A switch controller 100 is
used to select one of ports 80, 82, 84, 86 being exam-
ined at any given time. A 30 Db attenuator is connected
at the output of rotary switch 98 to protect vector volt-
meter 92 from excessive power levels. As stated above,
computer 5 is used to control the components of system
S1 including, power source 80, vector voltmeter 92 and
switch controller 100, via bus 7.
[0030] Although not necessary for achieving super-di-
rective radiation patterns, in certain embodiments, each
antenna 22, 24, 26 of array 12 can also serve as a "heat
pipe". The heat pipe serves as a source or sink for ther-
mal energy at a desired area, so that even greater con-
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trol of temperature at the interface of the heat pipe and
adjacent material is achieved. It is important to recog-
nize that although the device is called a "heat pipe", in
operation, it can provide both heating as well as cooling,
depending on whether the fluid (e.g., liquid or gas) is hot
or cold.
[0031] Referring to Fig. 4, for purposes of illustration,
antenna 22 of array 12 is shown having the structure for
providing heat pipe temperature control. Heat pipe 50
includes an antenna portion/cooling region 52, a heat
exchanger 56 and a flexible RF coaxial transmission line
58 connecting the antenna portion 52 to microwave
power source S1. The antenna portion 52 is formed by
a hollow conductive pipe 60 and a dielectric sheath 70
extending substantially the entire length of the conduc-
tive pipe. As described above in conjunction with Figs.
1, 2, 2A, conductive pipe 60 is one part of coaxial trans-
mission line 28 for transmitting energy from source S1
to antenna portion/cooling region 52. When used as a
heat pipe, conductive pipe also functions as a capillary
wick for a liquid or gas 62 passing therethrough. The
capillary action is accomplished by having a relatively
larger diameter portion 66 at the antenna portion, to pro-
vide evaporative cooling, and a relatively smaller diam-
eter "wick" portion 67 extending between portion 66 and
heat exchanger 56. Larger diameter portion 66 is ap-
proximately λ/2 in length. At a junction 71, wick portion
67 extends beyond transmission line 58 to the heat ex-
changer 56 in the form of a dielectric tube 69.
[0032] When used in applications where cooling is re-
quired, heat exchanger 56 acts as a condenser having
a refrigerant (e.g., cryogenic fluid). A pressure mecha-
nism 57 under the control of computer 5 is used to con-
trol the amount and rate at which fluid is delivered to
cooling region 52. As discussed above, in response to
electrical signals from temperature control unit S2, com-
puter 5 controls microwave system S1 to generate elec-
trical signals with the appropriate amplitude and phase
characteristics for providing a focused beam in the di-
rection of the target area. In embodiments having a heat
pipe 50, computer 5 also controls heat exchanger S3 to
convey cooling fluid within antenna portion/cooling re-
gion 52 to remove heat, thereby allowing rapid and pre-
cise adjustment of the temperature at the interface be-
tween the cooling region and surrounding material.
[0033] By constructing one or more of antennas 22,
24, 26 as a heat pipe, the relatively high, and focused
heating characteristics provided by each antenna of ar-
ray 12 can be controlled with even greater precision, by
quickly and reliably delivering coolant or heat to the tar-
get area, thereby decreasing or increasing the temper-
ature, respectively, at the target area. Further details
concerning the thermodynamic operation of heat pipes
suitable for use in antenna array 12 are described in U.
S. 5,591,162, entitled "Treatment Method Using a Micro
Heat Pipe Catheter".
[0034] In certain applications, antenna array 12 may
include transformers 46, 48, positioned between anten-

nas 22, 24 and the microwave power system S1. These
transformers present a well-matched impedance to
power system S1 within a predetermined frequency
range. Transformers 46, 48 are spaced from respective
antennas 22, 24 by one-quarter wavelength. Transform-
er 54 is provided by the combination of conductive pipe
60, an outer conductive coaxial sheath 64, dielectric
sheath 70, and a metallic cylinder 73. Outer conductive
coaxial shield 64 surrounds dielectric sheath 70 and ex-
tends along the length of conductive pipe 60 until termi-
nating at a point just before larger diameter portion 66.
Metallic cylinder 73 is approximately one-quarter wave-
length in length and covers outer conductive coaxial
shield 64, thereby electrically shorting the pair of mem-
bers at point A. This electrical short presents an effective
open circuit (high impedance) along the transmission
line one-quarter wavelength away from the short.
[0035] Transformer 54 minimizes the reflected power
seen by microwave power source S1. Equally important,
transformer 54 also prevents leakage of antenna cur-
rents along the outside structure of array 12. By appro-
priate selection of operating parameters, transformer 54
can be designed to provide both a minimum reflection
coefficient as well as minimum leakage within the same
frequency range.
[0036] Using transformers 46, 48 is not limited in an
antenna array having a heat pipe. Rather, all of the ad-
vantages provided by the use of such transformers, as
described above, are achieved when antenna system
10 of Fig. 1 does not include heat pipe system S3.
[0037] To use microwave antenna system 10, a phy-
sician would insert catheter 14 into a desired region of
a patient's body, using a body passage, such as the ure-
thra. The physician would then activate the microwave
energy source S1 to deliver energy to a target region
adjacent to the body passage. During heating, computer
5 monitors the information collected by temperature
control unit S2 and adjusts the amount of energy deliv-
ered by microwave power source S1 accordingly. In em-
bodiments which include a heat pipe, computer 5 also
controls the delivery of the fluid to the surgical site, such
as, by providing appropriate control signals to pressure
mechanism 57. The rate of heat delivered is matched to
the thermal conductivity of the tissue and the degree to
which the tissue is perfused.
[0038] Referring to Fig. 5, another embodiment of an
antenna 200 well-suited for use within antenna array 12
is shown. It is important to note that although only one
antenna is shown, multiple antennas can be extended
through a catheter. Antenna 200 includes a pair of radi-
ating elements, one of which serves as a movable ex-
citer dipole 202, the other which serves a magnetic di-
pole element 204. This configuration allows the surgeon
to adjust the position of exciter dipole 202 relative to
magnetic dipole element 204 so that both elements ra-
diate together with near-perfect impedance match,
thereby maximizing power transfer efficiency to the sur-
rounding tissue. As was the case with the embodiment
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shown in Figs. 1-4, antenna 200 is positioned alone or
with like antennas within a catheter 205 having an inflat-
able balloon portion 203.
[0039] Referring to Figs. 6 and 7, exciter dipole 202
includes a micro-coaxial transmission line 206 which ex-
tends from a proximal end 208 connected to a corre-
sponding port of power source S1 to a center-fed dipole
element 207. Center-fed dipole 207 is defined by a gap
209 formed by removing a portion of outer conductor
210 at a distance one-quarter wavelength (at the de-
sired frequency of operation) from a distal end 211 of
antenna 200.
[0040] Transmission line 206 includes a center con-
ductor 208 spaced from an outer conductor 210 by die-
lectric 212 to provide a transmission line with a charac-
teristic impedance of 50Ω. Exciter dipole 202 also in-
cludes a bifurcated impedance transformer 214 defined
by a conductive shield 216, which extends along a por-
tion of transmission line 206. Conductive shield 216,
which may be braided or in the form of a solid member,
is disposed around and spaced from outer conductor
210 of transmission line 206 by a dielectric layer 218.
Impedance transformer 214 ensures a good impedance
match between center-fed dipole element 207 of exciter
dipole 202 and transmission line 206 (50Ω.) A more
complete description of the construction and theoretical
operation of a similar impedance transformer and its ap-
plication within a medical instrument can be found in U.
S. 4,776,086, entitled "Method and Apparatus for Hyper-
thermia Treatment".
[0041] Referring to Fig. 8, magnetic dipole 204 is in
the form of a helical winding 213 which, in this embodi-
ment, has 21 turns wound about a longitudinal axis 220
of element 204 and has an inner diameter slightly larger
than the outer diameter of center-fed dipole 207. Helical
antenna structures similar to helical winding 213 are de-
scribed in Chapter 7 "The Helical Antenna" of Antennas
by J.D. Kraus McGraw Hill Publishing Co. (1988). The
effects of impedance loading on helical wound antennas
is described in Chapter 2 "Wire Antennas" of Small An-
tennas by K. Fujimoto et al., Research Studies Press
Ltd. (1987). U.S. 5,755,754, entitled "Device and Meth-
od for Asymmetrical Thermal Therapy with Helical Di-
pole Microwave Antenna", describes an approach for
using a helical antenna to thermally treat tissue.
[0042] Capacitors 222 are electrically connected be-
tween predetermined ones of the turns of helical winding
213. Although helical long wire 213 has a length (L)
which is significantly less than one-half wavelength,
proper positioning of capacitors 222 along the length of
helical winding 213 provides a current distribution re-
sembling a one-half wavelength radiating structure.
Without impedance loading, a helical winding of much
longer length would be required for resonance and effi-
cient radiation at the desired frequency of operation.
[0043] As stated above, because exciter dipole 202 is
movable within magnetic dipole 204, the surgeon can
axially position exciter dipole 202 to optimize the imped-

ance match between the elements, thereby maximizing
microwave energy transfer to the magnetic dipole and,
in turn, to the surgical site desired to be heated. Axial
movement is critical because the dielectric properties of
the tissue itself changes as it is heated, thus causing a
change in its impedance characteristics. Thus, the op-
timum position of exciter dipole 202 relative to magnetic
dipole 204 is likely to change as the temperature of the
tissue changes. In use, the surgeon adjusts the axial po-
sition of exciter dipole using a precise mechanical con-
trol mechanism, such as a micrometer 224 (Fig. 5), as
he monitors an indicator 226 (Fig. 5) showing the quality
of impedance match (e.g., reflection coefficient indica-
tor.) It is important to note that movement of exciter di-
pole 202 within magnetic dipole 204 can dramatically
change the magnitude of the reactance relative to the
impedance (e.g., 50Ω) of center-fed dipole 207. How-
ever, regardless of the position and the relative reac-
tance magnitude, the current distribution and resulting
radiation pattern should be substantially the same.
[0044] Referring to Figs. 9A and 9B, alternative con-
structions of an exciter dipole 202a, 202b are shown. In
particular, exciter dipole 202a is provided in the form of
a single turn Faraday shielded loop, while exciter dipole
202b is formed as a multi-turn loop. Exciter dipole 202b
may include additional capacitive loading elements con-
nected between one or more loops.
[0045] From an electromagnetic wave standpoint,
magnetic dipole 204 is floating (i.e., it has no ground
plane) and is excited in the T0 mode by exciter dipole
202. Excitation in this manner is similar to exciting a rec-
tangular waveguide in the TE10 mode with an electric
monopole positioned along the center line of a broad
wall of the waveguide.
[0046] In use, antenna 200 is introduced to the surgi-
cal site through catheter 205. Electrical power is applied
to exciter dipole 202 from power source S1. By observ-
ing the amount of reflected power on indicator 126, the
surgeon adjusts the position of exciter dipole 202 within
magnetic dipole 204 using micrometer 224. When the
level of reflected power is at a minimum the surgeon is
assured that he has found the optimum position.
[0047] Referring to Fig. 10A-10C, a receiving antenna
250 for detecting energy radiated from, for example, an-
tenna 200 is shown. Receiving antenna 250 includes a
diode assembly 252 positioned at the distal end of re-
ceiving antenna 250. Diode assembly 252 includes rec-
tifying elements in the form of diodes 254, which have
their cathodes 256 connected at a common distal node
258. Anodes 260 of the diodes 254 are connected to
one of leads 262, which serve as elements for receiving
and conveying the electromagnetic wave energy to the
diodes. The opposite ends of leads 262 are connected
to an outer conductor 268 of a micro-coax transmission
line 266 through a conductive washer 270. Each cath-
ode of diodes 254 is connected to a center conductor
264 of micro-coax transmission line 266. Transmission
line 266 is of the same construction of transmission line
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206 of antenna 200 (see Fig. 6). Specifically, transmis-
sion line 266 includes outer conductor 268 spaced from
center conductor 264 by dielectric (not shown) to pro-
vide a 50Ω characteristic impedance. A bifurcated im-
pedance transformer 272 defined by a conductive shield
274 extends along a portion of transmission line 266.
Conductive shield 274, which may be braided or in the
form of a solid member, is disposed around and spaced
from outer conductor 268 of transmission line 266 by a
dielectric layer 278. Impedance transformer 272 en-
sures a good impedance match between diode assem-
bly 252 and transmission line 266.
[0048] Each diode 254 rectifies the electromagnetic
waves received along its associated lead 262 and pro-
duces a direct current (DC) signal. The current gener-
ated by each diode 254 is summed at node 258 and car-
ried to a measurement system (not shown) via coaxial
transmission line 266. Diodes 254 may be encapsulated
or potted to lend mechanical support to assembly 252.
[0049] Referring to Figs. 11-14, a microwave medical
system 300 particularly well-suited for use with antenna
200 is shown. System 300 includes a catheter 302 hav-
ing an inflatable yagi balloon 304 and an inflatable fixa-
tion balloon 306. As will be discussed in greater detail
below fixation balloon 306, in operation, is used to me-
chanically fix the position of the catheter within a body
passage, such as the urethra. When positioned in the
rectum, a rectal catheter can be fixed in position by ex-
ternal means. On the other hand, yagi balloon 304 is
used to control the delivery of energy radiated from an-
tenna 200 to surrounding tissue. In particular, by varying
the amount of fluid (e.g., water) and thus, the amount of
dielectric material between the radiating antenna and
the tissue, the radiation pattern of the energy from an-
tenna is controlled. The fluid can also serve as a heat
sink medium for withdrawing heat away from antenna.
Indeed, providing additives to the fluid or using a differ-
ent fluid (e.g., saline) can enhance the heat sinking ef-
fect.
[0050] In certain applications, the temperature of the
fluid or the dielectric constant of the fluid can be control-
led to increase the efficacy of the treatment. For exam-
ple, by changing the salinity of water used to inflate yagi
balloon 304, the dielectric constant can be modulated.
[0051] In this embodiment, yagi balloon 304 expands
symmetrically. However, in certain applications, the bal-
loon can be constructed to expand asymmetrically, for
example, with a spacing between antenna 200 and di-
rector 330 greater than that between the antenna and
reflector 328.
[0052] Catheter 302 includes a central passage 308
which is sized to allow antenna 200 to extend to yagi
balloon 304. In certain applications, central passage
308 may also be used for passing catheter 302 over a
positioning stylet (not shown). A locking mechanism 310
for fixing the position of antenna 200 relative to yagi bal-
loon 304 is provided at the proximal end of catheter 302.
A fluid insertion chamber 312 and a fluid extraction

chamber 314 surround central passage 308 for allowing
cooling fluid to be introduced and withdrawn, respective-
ly, from catheter 302 in the area of yagi balloon 306 dur-
ing operation of antenna 200.
[0053] A lumen 316 extends through catheter 302
from yagi balloon 304 to a syringe valve 318, which is
connected to a fluid source (e.g., syringe) for inflating
the yagi balloon. A second lumen 320 similarly extends
through catheter 302 from fixation balloon 306 to a sy-
ringe valve 322, which is connected to a separate fluid
source (e.g., syringe) for inflating the fixation balloon.
Temperature sensors 324 are attached to an outer sur-
face of catheter 302 and are electrically connected to
temperature control unit S2 (Fig. 1) via fiber optic lines
(not shown) positioned through lumens 326 extending
through the catheter to provide signals indicative of the
temperature of the tissue.
[0054] As was the case with the embodiment of array
12 shown in Figs. 1-4, reflector and director elements
can be used to further enhance focusing of radiated en-
ergy from antenna 200 to a particular area of tissue.
[0055] Referring in particular to Fig. 12, in one embod-
iment, one or more reflectors 328 can be formed along
inner surface 329 of yagi balloon 304 to direct any radi-
ated energy incident onto the reflector back toward the
desired tissue area. In this embodiment, reflector 328 is
in the form of a thin conductive sheet covering an angu-
lar area of about 60°. In addition to reflector 328, a di-
rector 330 in the form of a conductive sheet is formed
on a portion of inner surface 329 diametrically opposite
that of reflector 328. Director 330 covers an area of 30°.
In alternative embodiments, reflector 328 and director
330 can be in the form of a conductive mesh or set of
wires. Changing the volume of fluid within yagi balloon
304, changes the balloon diameter, as well as the rela-
tive spacing between antenna 200 and reflector 328 and
director 330.
[0056] This arrangement of positioning the active an-
tenna element 200 between a reflector 328 and a direc-
tor 330 provides, in essence, an antenna with increased
directivity and higher antenna gain, commonly associ-
ated with Yagi antennas. This increased gain character-
istic, which can be as much as 6 dB, advantageously
allows the required power co antenna 200 to be reduced
by a factor of four. Operating at reduced power; allows
lower power, less expensive power sources to be used,
increases reliability of the source, and provides a signif-
icantly safer medical procedure. Furthermore, where
higher power is available from the source and is desired
for heating, the increased gain characteristic of antenna
200 allows for deeper penetration of heat in tissue (e.
g., prostate.)
[0057] As shown in Fig. 15, microwave antenna sys-
tem 300 is particularly attractive for use in the treatment
and diagnosis of prostatic cancer as well as benign pro-
static hyperplasia (BPH). For example, cancer of a pros-
tate 101 often originates on a posterior portion of the
prostate close to the rectal wall 102. Thus, system 300
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is useful for this treatment because access to prostate
101 can be achieved through the rectum 104 and/or the
urethra 106. For example, the physician may insert mi-
crowave antenna system 300 within the urethra 106
while positioning receiving antenna 50 through the anus
108 and into rectum 104, as shown. In this application
microwave antenna system 300 is used to achieve a
high degree of heat uniformity through prostate 101,
while receiving antenna 250 monitors the level of energy
radiated by antenna system 300.
[0058] One approach for treating or diagnosing the
prostate using these devices follows. Catheter 302 is
first introduced within the urethra and appropriately po-
sitioned using well-known positioning techniques, such
as ultrasound or more radiopaque markers on catheter
302, so that yagi balloon 304 is positioned adjacent
prostate 101. Once positioned, the therapist or surgeon
introduces fluid through valve 322 to inflate fixation bal-
loon 306, thereby fixing the position of catheter 302 with-
in the passage.
[0059] Antenna 200 is then introduced through central
lumen 308 until magnetic dipole 204 and center-fed di-
pole 207 are both positioned within yagi balloon 304. A
relatively low level of power (e.g., 100 mwatts) is then
applied to antenna from power source S1. While observ-
ing reflection coefficient indicator 226 (Fig. 5), the axial
position of exciter dipole 202 is adjusted relative to mag-
netic dipole 204 until a minimum reflection coefficient is
achieved, thereby ensuring maximum transmission
power into prostate. The applied power from power
source is increased (e.g. 1 to 2 watts) and fluid is then
introduced into yagi balloon 304 via valve 318 so that
the yagi balloon inflates.
[0060] Receiving antenna 250 is introduced within the
rectum at a position close to the prostate to detect en-
ergy radiated by antenna 200 positioned within urethra
104. Thus, any changes in the radiation pattern of an-
tenna 200 caused by volume of fluid changes in yagi
balloon 304 can be detected by receiving antenna 250
and observed, for example, on display monitor 5a. Thus,
the radiation pattern of antenna 200 can be altered or
modulated by the therapist. In other applications, the
level of power applied to antenna 200 from the source
can be modulated to control heating of the tissue.
[0061] As was stated above, the dielectric constant of
the radiated tissue changes due to heating primarily be-
cause the amount of fluid in the tissue changes. Thus,
it may be desirable during the procedure for the therapist
to readjust the axial position of exciter dipole 202 relative
to magnetic dipole 204 once again to obtain a minimum
reflection coefficient.
[0062] Referring to Figs. 16A and 16B, a diagnostic
approach for using microwave antenna system 300 for
treating prostate 101 is shown. In this approach, anten-
na system 300 is used in a diagnostic mode to locate
tissue boundaries, created by the inherent dielectric
contrast between abnormal and normal tissues by virtue
of their relative water contents.

[0063] In this diagnostic mode, microwave antenna
system 300 of the type shown in Fig. 11 is passed
through urethra 106 while receiving antenna 250 is in-
troduced into rectum 104. Receiving antenna 250 is
used to receive signals transmitted from antenna sys-
tem 300. The signals transmitted from antenna system
300 are attenuated by the electrical characteristics of
the tissue media. Thus, by measuring certain character-
istics of the signals as they pass through the tissue, cer-
tain material properties of the tissue, such as the elec-
trical attenuation constant (a) in Nepers/length can be
determined. The attenuation characteristics of the sig-
nals passing through the tissue provide an indication as
to the type (e.g., bone, muscle, tumor) and relative nor-
malcy of that tissue. For example, healthy muscle tissue
typically has less water content than cancerous tissue.
Thus, when the narrow beamwidth energy transmitted
from antenna system 300 is swept through a region of
the healthy tissue and into the neoplastic tissue, as well
as through heated and unheated tissue, a change in the
value of the attenuation constant is likely to be observed.
[0064] In the above described procedure, receiving
antenna 250 was positioned within the rectum to detect
radiated energy from microwave antenna system 300.
In other procedures, a microwave antenna system 300
can be inserted in both rectum 104 and urethra 106 so
that prostate 101 is radiated from two different positions.
[0065] Computer 5 would generally include a compu-
ter display monitor 5a (Fig. 1) for displaying continuous
readings of temperature changes at boundaries of a
simulated target organ (e.g., prostate) illustration or an
ultrasound image. A schematic template of the target
organ representing the anatomy would be displayed
with superimposed different colors representing differ-
ent temperature ranges at different regions of the organ.
Thus, the therapist or surgeon is able to determine, in
real time, the target site and the effectiveness in apply-
ing heat from the system. The monitor can display the
temperature detected by each of the sensors as a func-
tion of time and provide beginning and end points for the
treatment.
[0066] Based on signals received from the sensors
computer 5 is capable of issuing warning messages to
be displayed on the monitor when temperatures exceed
predetermined threshold values. Computer 5 may also
automatically shutdown power source S1 if, for exam-
ple, the temperatures remain high for an unacceptable
time period or if a fault is detected in the system. Com-
puter 5 also includes memory for storing statistical data
including patient information, current laboratory data, as
well as all data collected during the procedure.
[0067] An article by McCorkle et al. entitled "Monitor-
ing a Chemical Plume Remediation via the Radio Imag-
ing Method" provides a mathematical analysis for deter-
mining the electrical attenuation constant.
[0068] The antenna systems described above are
well-suited for this application because both antenna
systems 10 and 300 as well as receiving antenna 250

13 14



EP 1 152 792 B1

9

5

10

15

20

25

30

35

40

45

50

55

can remain stationary with the direction of the beam of
energy electronically swept through various positions
110-114 by varying the amplitude phase and character-
istics of the microwave power source S1. A network an-
alyzer 115 (Fig. 15), for example, an HP 8510 Vector
Network Analyzer (a product of Hewlett Packard Com-
pany, Palo Alto, CA) is connected to antenna system
250 to measure the impedance at the distal end of an-
tenna system 250. The impedance is used to derive the
attenuation and phase constant values for each meas-
urement.
[0069] It should also be appreciated, however, that a
transmitting microwave antenna can be physically
moved, for example, by the physician, to provide a se-
ries of attenuation characteristic values which can be
used to characterize the tissue in the target area. The
transmitting antenna can also be rotated about its axis
to provide further directional control of the transmitted
beam of energy.
[0070] Other embodiments are within the scope of the
claims.
[0071] It is important to appreciate that catheters 14
and 302 can be any of a wide variety of catheters of dif-
ferent configurations and sizes. The particular applica-
tion in which the microwave antenna system is used will
generally dictate the choice of delivery catheter, stylet,
as well as the number and particular configuration of an-
tennas. For example, when used in the urethra, flexible
foley-type catheters ranging in size between 18-28 F
can be used. On the other hand, when introduced into
the rectum larger catheters from 22 to 32 F may be more
appropriate. The rectal catheter may be accompanied
by an ultrasound imaging transducer, both of which are
incorporated in a holding sheath. The catheters may in-
clude small protrusions positioned along the length of
the catheters to facilitate their positioning during deliv-
ery. The antennas themselves are radiopaque, as well,
to aid in ascertaining their position.
[0072] Furthermore, although the above embodi-
ments describe close-ended catheters, alternative ap-
plications may require the use of open-ended catheters
for end-fire configurations. Additional lumens for intro-
ducing irrigation fluids or therapeutic agents (e.g.,
chemotherapeutic agents, hypothermia, and/or thermal
sensitizers) can also be delivered simultaneously or
successively to enhance thermal therapy provided by
the antennas.
[0073] The approach described above utilized the
electrical attenuation constant for characterizing tissue.
However, other parameters may be derived from the im-
pedance measurements to characterize the tissue as
well. For example, the permittivity or complex dielectric
constant (ε* = ε' - jε'') as an indicator of water content in
tissue, which, as described above, may be used to de-
termine the type of tissue. With this approach, a calibra-
tion procedure is generally required to establish imped-
ance reference values for various known materials,
ranging from, for example, distilled water to a sample

with no water. Between these two extremes, various
types of tissue and neoplasms can be measured with
the antenna system to establish a database of imped-
ance values for different tissue.
[0074] The ability to use microwave antenna system
10 in a diagnostic mode is a powerful tool, particularly
when the antenna system is also used to provide hyper-
thermia treatment (i.e., in a heating mode). In essence,
the diagnostic mode is used to identify and isolate areas
which require treatment in the heating mode. Thus, an-
tenna system 10 provides a dynamic, dual-function ap-
proach for treating tissue. Use of antenna system 10 in
this manner is particularly important when one recog-
nizes that the dielectric properties of tissue change with
temperature. By alternating between the heating and di-
agnostic modes, precise control of the level and direc-
tion of heat applied by microwave source can be admin-
istered. For example, during heating, the water content
of the tissue will decrease and, therefore, the rate at
which heat is absorbed by the tissue diminishes. Fur-
thermore, the decrease in water content causes the or-
gan to shrink in size. In the diagnostic mode the change
in size and water content will be reflected in a change
in impedance, as well as dielectric constant. Based on
this change, the amplitude and phase characteristics of
the signals applied to each antenna of the array can be
altered to more precisely control the direction and level
of energy applied to the tumor.
[0075] As stated above, in some cases, the imped-
ance of the tissue being treated may change consider-
ably during treatment. If this occurs, the physician may
remove the catheter and insert a second microwave an-
tenna device 300 or 10 having different characteristics.
For example, a microwave antenna system having
slightly different spacings between adjacent antennas
may be substituted.
[0076] Although, Figs. 6A and 6B show only a single
radiating microwave system 10, it should be appreciated
that a separate receiving antenna system 250 allows the
use of two or more radiating microwave antenna sys-
tems 300 to provide a greater variety of different heating
pattern shapes.
[0077] For example, while heat pipe S3 has been
shown in Fig. 4, and discussed above, as being part of
the antenna array, the heat pipe could be provided as a
separate device. Moreover, the heat pipe may be oper-
ated in such a manner as to iteratively cool and heat the
tissue adjacent the antenna.
[0078] Also, while Fig. 5 shows the use of a plurality
of microwave antenna devices introduced through the
urinary bladder and rectum for treatment of the prostate,
similar methods can be used in other areas of the body,
for example, the liver or kidney.
[0079] Still other embodiments are within the scope
of the claims.
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Claims

1. A medical treatment system for treating tissue,
comprising:

an antenna (22, 24, 26; 200) having a radiating
element (202, 204, 207) configured to transmit
electromagnetic energy toward a desired area
of the tissue, the radiating element (202, 204,
207) including an interior volume (52) for re-
ceiving a heat exchange fluid (62), thereby
changing the temperature proximal to the de-
sired area of the tissue,
a transmission line (28, 30, 32, 206) connected
to the radiating element (202, 204, 207) for con-
veying the electromagnetic energy from an
electromagnetic energy source (81) to the radi-
ating source,

characterized in that the transmission line (28, 30,
32, 206) includes a conduit (60) extending there-
through for conveying the heat exchange fluid (62)
from a heat exchanger (56) to the radiating element
(202, 204, 207).

2. The medical treatment system of claim 1 wherein
the interior volume of the radiating element and the
conduit (60) of the transmission line (28, 30, 32,
206) are sized to cause capillary action of fluid (62)
flowing between the internal volume (52) and con-
duit (60).

3. The medical treatment system of claim 1 wherein
the transmission line includes a hollow center con-
ductor (60) and an outer shield (64) disposed coax-
ially with respect to the center conductor.

4. The medical treatment system of claim 1, further
comprising a transformer (46, 48, 54) disposed
within the coaxial transmission line (28, 30, 32,
206).

5. The medical treatment system of claim 4 wherein
the transformer is in the form of a metallic sleeve
(73) surrounding the outer shield (64) of the coaxial
transmission line.

6. The medical treatment system of claim 4 wherein
the transformer is spaced a quarter wavelength at
a predetermined frequency of operation from the ra-
diating element (207).

7. The medical treatment system of claim 1 further
comprising the heat exchanger (56) including a con-
denser and the heat exchange fluid (62) is a cool-
ant.

8. The medical treatment system of claim 1 wherein

the antenna is a dipole.

9. The medical treatment system of claim 1 further
comprising a catheter (302) having a proximal end,
distal end, and an inner lumen (316, 320) extending
therebetween, the catheter (302) sized to receive
the antenna.

10. The medical treatment system of claim 1 further
comprising a plurality of antennas, each having a
radiating element for transmitting electromagnetic
energy toward the desired area.

11. The medical treatment system of claim 10 wherein
each of the plurality of antennas is configured to ra-
diate electromagnetic energy at a selected ampli-
tude and phase characteristic so that the transmit-
ted energy, in aggregate, is directed toward a de-
sired area of the tissue.

12. The medical treatment system of claim 1 further
comprising a temperature detector (29,31,33,35)
for sensing the temperature at a location proximate
to the radiating element and, in response to the
sensed temperature, providing signals to the heat
exchanger (56) to control the amount of fluid (62)
delivered to the interior volume (52) of the radiating
element.

13. The medical treatment system of claim 12 further
including a plurality of temperature detectors
(29,31,33,35), each associated with a different area
of the radiating element.

14. The medical treatment system of claim 1 wherein
the electromagnetic energy has a frequency in a
range between 0.3 and 10 GHz.

15. The medical treatment system of claim 1 wherein
the electromagnetic energy has a power level in a
range between about 100 mwatts and 150 watts.

16. The medical heat treatment system of any preceed-
ing claims comprising:

a first medical instrument including the first an-
tenna system configured to radiate electromag-
netic energy toward the tissue to be heated, the
first antenna system having a radiating element
with an interior volume for receiving a heat ex-
change fluid and changing the temperature
proximal to the tissue; and
a second medical instrument including a sec-
ond antenna system (250) for receiving the ra-
diated electromagnetic energy from the first
medical instrument.

17. The medical treatment system of claim 1, wherein
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an antenna (200) includes a pair of radiating ele-
ments, one of which serves as a movable exciter
dipole (202) and the other serves as a magnetic di-
pole element (204), wherein the exciter dipole (202)
includes a micro-coaxial transmission line (206)
which extends from approximate end (208) con-
nected to a corresponding port of power source (S1)
to a center-fed dipole element (207); and wherein
the magnetic dipole element (204) is in the form of
a helical winding (213) which is wound about a lon-
gitudinal axis (220) of the magnetic dipole (204) and
has an inner diameter slightly larger than the outer
diameter of the center-fed dipole element (207).

18. The medical treatment system of claim 17, wherein
the center-fed dipole element (207) is defined by a
gap (209) formed by removing a portion of the outer
shield (210) at a distance one-quarter wavelength
from a distal end (211) of the antenna (200).

Patentansprüche

1. Medizinisches Behandlungssystem zum Behan-
deln von Gewebe, aufweisend:

eine Antenne (22, 24, 26; 200) mit einem Strah-
lungselement (202, 204, 207), welches zum
Übertragen elektromagnetischer Energie zu ei-
nem erwünschten Bereich des Gewebes konfi-
guriert ist, wobei das Strahlungselement (202,
204, 207) ein Innenvolumen (52) zum Aufneh-
men eines Wärmeaustauschfluids (62) auf-
weist und dadurch die Temperatur proximal
zum erwünschten Bereich des Gewebes än-
dert,

eine Übertragungsleitung (28, 30, 32, 206),
welche am Strahlungselement (202, 204, 207)
zum Übertragen der elektromagnetischen En-
ergie von einer elektromagnetischen Energie-
quelle (81) zur Strahlungsquelle angeschlos-
sen ist,

dadurch gekennzeichnet,
dass die Übertragungsleitung (28, 30, 32, 206) eine
Leitung bzw. Rohrleitung (60) beinhaltet, welche
sich zum Befördern des Wärmeaustauschfluids
(62) vom Wärmetauscher (56) zum Strahlungsele-
ment (202, 204, 207) durch dieselbe erstreckt.

2. Medizinisches Behandlungssystem nach Anspruch
1, wobei das Innenvolumen des Strahlungsele-
ments und die Leitung (60) der Übertragungsleitung
(28, 30, 32, 206) größenmäßig so zugeschnitten
sind, dass eine Kapillarwirkung des Fluids (62) ver-
ursacht wird, welches zwischen dem Innenvolumen
(52) und der Leitung (60) fließt.

3. Medizinisches Behandlungssystem nach Anspruch
1, wobei die Übertragungsleitung einen hohlen Mit-
telleiter (60) und eine äußere Abschirmung (64) be-
inhaltet, welche in Bezug auf den Mittelleiter koaxial
angeordnet ist.

4. Medizinisches Behandlungssystem nach Anspruch
1, welches zudem einen innerhalb der Koaxialüber-
tragungsleitung (28, 30, 32, 206) angeordneten
Transformator (46, 48, 54) aufweist.

5. Medizinisches Behandlungssystem nach Anspruch
4, wobei der Transformator (46, 48, 54) in Form ei-
ner Metallhülse (73) ist, welche die äußere Abschir-
mung (64) der Koaxialübertragungsleitung umgibt.

6. Medizinisches Behandlungssystem nach Anspruch
4, wobei der Transformator (46, 48, 54) um eine
viertel Wellenlänge bei einer vorbestimmten Fre-
quenz der Operation vom Strahlungselement (207)
beabstandet ist.

7. Medizinisches Behandlungssystem nach Anspruch
1, welches zudem den Wärmetauscher (56) ein-
schließlich eines Kondensators aufweist und wobei
das Wärmeaustauschfluid (62) ein Kühlmittel ist.

8. Medizinisches Behandlungssystem nach Anspruch
1, wobei die Antenne ein Dipol ist.

9. Medizinisches Behandlungssystem nach Anspruch
1, welches zudem einen Katheter (302) mit einem
proximalen Ende, distalen Ende und einem sich
durch dieselben erstreckenden Innenlumen (316,
320) aufweist, wobei der Katheter (302) größenmä-
ßig derart ausgelegt ist, um die Antenne aufzuneh-
men.

10. Medizinisches Behandlungssystem nach Anspruch
1, welches ferner eine Vielzahl von Antennen auf-
weist, welche jeweils ein Strahlungselement zum
Übertragen einer elektromagnetischen Energie
zum erwünschten Bereich aufweisen.

11. Medizinisches Behandlungssystem nach Anspruch
10, wobei jede der Vielzahl von Antennen so konfi-
guriert ist, eine elektromagnetische Energie mit ei-
nem ausgewählten Amplituden und Phasen cha-
rakteristisch auszustrahlen, so dass die übertrage-
ne Energie im Ganzen zum erwünschten Bereich
des Gewebes geleitet wird.

12. Medizinisches Behandlungssystem nach Anspruch
1, welches ferner einen Temperaturdetektor (29,
31, 33, 35) zum Abtasten der Temperatur an einer
Stelle in der Nähe des Strahlungselements und zum
Versorgen des Wärmetauschers (56) mit Signalen
in Erwiderung auf die abgetastete Temperatur auf-
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weist, um die Menge des Fluids (62) zu steuern,
welche zum Innenvolumen (52) des Strahlungsele-
ments geliefert wird.

13. Medizinisches Behandlungssystem nach Anspruch
12, welches ferner eine Vielzahl von Temperaturde-
tektoren (29, 31, 33, 35) beinhaltet, welche jeweils
mit einem unterschiedlichen Bereich des Strah-
lungselements assoziiert werden.

14. Medizinisches Behandlungssystem nach Anspruch
1, wobei die elektromagnetische Energie eine Fre-
quenz in einem Bereich zwischen 0,3 und 10 GHz
aufweist.

15. Medizinisches Behandlungssystem nach Anspruch
1, wobei die elektromagnetische Energie einen Lei-
stungspegel in einem Bereich zwischen ca. 100
mWatt und 150 Watt aufweist.

16. Medizinisches Wärmebehandlungssystem nach ei-
nem der vorangehenden Ansprüche, aufweisend:

ein erstes medizinisches Instrument, welches
das erste Antennensystem beinhaltet, welches
zum Ausstrahlen der elektromagnetischen En-
ergie zum zu erwärmenden Gewebe konfigu-
riert ist, wobei das erste Antennensystem ein
Strahlungselement mit einem Innenvolumen
zum Aufnehmen eines Wärmeaustauschfluids
und Ändern der Temperatur proximal zum Ge-
webe aufweist; und

ein zweites medizinisches Instrument, welches
ein zweites Antennensystem (250) zum Emp-
fangen der ausgestrahlten elektromagneti-
schen Energie vom ersten medizinischen In-
strument beinhaltet.

17. Medizinisches Behandlungssystem nach Anspruch
1, wobei eine Antenne (200) ein Paar an Strah-
lungselementen beinhaltet, von welchen eines als
bewegbarer Erregerdipol (202) und das andere als
magnetisches Dipolelement (204) dient, wobei der
Erregerdipol (202) eine Mikro-Koaxialübertra-
gungsleitung (206) beinhaltet, welche sich vom pro-
ximalen Ende (208) erstreckt, welches an einem
entsprechenden Anschluss der Leistungsquelle
(S1) an ein mittelpunktgespeistes Dipolelement
(207) angeschlossen ist; und wobei das magneti-
sche Dipolelement (204)die Form einer spiralförmi-
gen Wicklung (213) hat, welche um eine Längsach-
se (220) des magnetischen Dipols (204) gewickelt
ist und einen Innendurchmesser aufweist, welcher
etwas größer als der Außendurchmesser des mit-
telpunktgespeisten Dipolelements (207) ist.

18. Medizinisches Behandlungssystem nach Anspruch

17, wobei das mittelpunktgespeiste Dipolelement
(207) durch einen Spalt (209) definiert ist, welcher
durch das Entfernen eines Abschnitts der äußeren
Abschirmung (210) in einem Abstand von einem
viertel Wellenlänge von einem distalen Ende (211)
der Antenne (200) gebildet ist.

Revendications

1. Système de traitement médical destiné à traiter des
tissus, comprenant :

une antenne (22, 24, 26; 200) présentant un
élément rayonnant (202, 204, 207) configuré
pour transmettre une énergie électromagnéti-
que en direction d'une zone souhaitée du tissu,
l'élément rayonnant (202, 204, 207) compor-
tant un volume intérieur (52) destiné à recevoir
un fluide d'échange de chaleur (62), modifiant
de ce fait la température proximale par rapport
à la zone souhaitée du tissu,
une ligne de transmission (28, 30, 32, 206) rac-
cordée à l'élément rayonnant (202, 204, 207),
destinée à acheminer l'énergie électromagné-
tique d'une source d'énergie électromagnéti-
que (81) à la source de rayonnement, caracté-
risé en ce que la ligne de transmission (28, 30,
32, 206) comporte une conduite (60) s'étendant
à travers celle-ci, destinée à acheminer le fluide
d'échange de chaleur (62) d'un échangeur de
chaleur (56) à l'élément rayonnant (202,
204,207).

2. Système de traitement médical selon la revendica-
tion 1, dans lequel le volume intérieur de l'élément
rayonnant et la conduite (60) de la ligne de trans-
mission (28, 30, 32, 206) sont dimensionnés pour
provoquer l'action capillaire du fluide (62) circulant
entre le volume interne (52) et la conduite (60).

3. Système de traitement médical selon la revendica-
tion 1, dans lequel la conduite de transmission com-
porte un conducteur central creux (60) et une enve-
loppe externe (64) disposée de manière coaxiale
par rapport au conducteur central.

4. Système de traitement médical selon la revendica-
tion 1, comprenant en outre un transformateur (46,
48, 54) disposé à l'intérieur de la ligne de transmis-
sion coaxiale (28, 30, 32, 206).

5. Système de traitement médical selon la revendica-
tion 4, dans lequel le transformateur se présente
sous la forme d'un manchon métallique (73) entou-
rant l'enveloppe externe (64) de la ligne de trans-
mission coaxiale.
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6. Système de traitement médical selon la revendica-
tion 4, dans lequel le transformateur est espacé
d'un quart de longueur d'onde à une fréquence de
fonctionnement prédéterminée depuis l'élément
rayonnant (207).

7. Système de traitement médical selon la revendica-
tion 1, comprenant en outre l'échangeur de chaleur
(56) comportant un condenseur et le fluide d'échan-
ge de chaleur (62) est un fluide de refroidissement.

8. Système de traitement médical selon la revendica-
tion 1, dans lequel l'antenne est un dipôle.

9. Système de traitement médical selon la revendica-
tion 1, comprenant en outre un cathéter (302) pré-
sentant une extrémité proximale, une extrémité dis-
tale, et une lumière interne (316, 320) s'étendant
entre celles-ci, le cathéter (302) étant dimensionné
pour recevoir l'antenne.

10. Système de traitement médical selon la revendica-
tion 1, comprenant en outre une pluralité d'anten-
nes, chacune présentant un élément rayonnant
pour l'émission d'une énergie électromagnétique
vers la zone souhaitée.

11. Système de traitement médical selon la revendica-
tion 10, dans lequel chacune de la pluralité d'anten-
nes est configurée pour émettre une énergie élec-
tromagnétique à une amplitude sélectionnée et une
caractéristique de phase, de sorte que l'énergie
émise, en agrégat, est dirigée vers une zone sou-
haitée du tissu.

12. Système de traitement médical selon la revendica-
tion 1, comprenant en outre un détecteur de tem-
pérature (29, 31, 33, 35) destiné à détecter la tem-
pérature en un emplacement proche de l'élément
rayonnant et, en réponse à la température détec-
tée, à fournir des signaux à l'échangeur de chaleur
(56) pour réguler la quantité de fluide (62) amenée
au volume intérieur (52) de l'élément rayonnant.

13. Système de traitement médical selon la revendica-
tion 12, comportant en outre une pluralité de détec-
teurs de température (29, 31, 33, 35), associés cha-
cun à une zone différente de l'élément rayonnant.

14. Système de traitement médical selon la revendica-
tion 1, dans lequel l'énergie électromagnétique pré-
sente une fréquence dans une plage comprise en-
tre 0,3 et 10 GHz.

15. Système de traitement médical selon la revendica-
tion 1, dans lequel l'énergie électromagnétique pos-
sède un niveau de puissance dans une plage com-
prise entre environ 100 mwatts et 130 watts.

16. Système de traitement thermique médical selon
l'une quelconque des revendications précédentes,
comprenant :

un premier instrument médical comportant le
premier système d'antenne configuré pour
émettre une énergie électromagnétique en di-
rection du tissu destiné à être chauffé, le pre-
mier système d'antennes présentant un élé-
ment rayonnant doté d'un volume intérieur des-
tiné à recevoir un fluide d'échange de chaleur
et à modifier la température de façon proximale
par rapport au tissu ; et
un second instrument médical comportant un
second système d'antennes (250) destiné à re-
cevoir l'énergie électromagnétique émise de-
puis le premier instrument médical.

17. Système de traitement médical selon la revendica-
tion 1, dans lequel une antenne (200) comporte une
paire d'éléments rayonnants, dont l'un sert de dipô-
le excitateur mobile (202) et l'autre sert d'élément
dipôle magnétique (204), dans lequel le dipôle ex-
citateur (202) comporte une ligne de transmission
micro-coaxiale (206) qui s'étend de l'extrémité ap-
prochée (208) raccordée à un orifice d'admission
correspondant de la source d'énergie (S1) à un élé-
ment dipôle central (207) ; et dans lequel l'élément
dipôle magnétique (204) se présente sous la forme
d'un enroulement hélicoïdal (213) qui est enroulé
autour d'un axe longitudinal (220) du dipôle magné-
tique (204) et possède un diamètre interne légère-
ment supérieur au diamètre externe de l'élément di-
pôle central (207).

18. Système de traitement médical selon la revendica-
tion 17, dans lequel l'élément dipôle central (207)
est défini par un espace (209) formé en retirant une
partie de l'enveloppe externe (210) à une distance
d'un quart de longueur d'onde d'une extrémité dis-
tale (211) de l'antenne (200).
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